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(57) Abstract 



Disclosed is a process for making an injection 
molded article having a substantially smooth outer 
surface and a foamed core, as well as to a molded ar- 
ticle so produced, by injecting a molten thermoplastic 
into a mold, and when a skin has fonned. injecting a 
gas and allowing a limited amount of molten material 
to flow back into the injection device, ttiis creating 
a hollow space in the article. Finally, releasing the 
gas pressure to allow foaming of the core. 
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MOLDING PROCESS 
Background of the Invention 
The present invention relates to a process for making an injection 
molded article having a substantially smooth outer surface and a foamed core, as 
5 well as to a molded article so produced. 

Brief Description of the Prior Art 
In the case of conventional low pressure injection molding 
systems, foaming occurs virtually instantaneously as the melt enters the cavity 

10 and melt pressure decays to atmospheric pressure. As a result, however, articles 
so molded tend not to have smooth outer surfaces. 

Various processes for making an injection molded article with a 
substantially smooth outer surface and a foamed core are known in the art. One 
such process is referred to as a "high pressure molding process". This process 

15 operates by maintaining a homogeous melt phase of a thermoplastic polymer 
containing dissolved gas within a molding cavity after injection of the polymer. 
Foaming of the polymer melt is induced by the controlled decay of melt pressure 
to levels below the solution pressure of the dissolved gases. The control over 
meh pressure decay rates is achieved by mechanical movement of a mold face, a 

20 retracting pin (in an integral skin molding system) or a control over the decay 
rate of air pressure within the cavity (in a counter pressure foam molding 
system); c.f "The Injection Moulding of Cellular Thermoplastics", 1985, a 
brochure available from Schering Industrial Chemicals, Cambridge, England. 

These known processes have certain disadvantages. A molding 

25 process which makes use of integral skin molding can only be carried out with 
equipment of relatively simple design. The mechanical movement of the mold 
face necessitates that the mold have a simple shape, and thus, such processes are 
only suitable for preparing articles of simple shape. 

A process that makes use of counter pressure foam molding has 

30 the disadvantage that permits a maximum reduction in density of only about 8% 
over a non-foamed article. For certain end uses, it is desirable to have very low 
density, i.e. highly foamed articles. 
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Accordingly, it is an object of the present invention to provide a 
process for making an injection molded article having a substantiaUy smooth 
outer surface a foamed core which is capable of forming articles having shapes 
more complex than those possible using integral skin molding technology and 
5 having densities lower than those possible using counter pressure foam molding 
technology (e.g. a reduction in density of 10% and greater). 

The object of the present invention is obtained through a process 

comprising the steps of 

(a) injecting a melt of a thermoplastic polymer containing a foanung 
JO agent through an injection unit into a mold and maintaining said 

melt under a holding pressure to form an article having a 
substantially smooth outer surface; 

(b) releasing the holding pressure of the melt and introducing a gas 
under pressure into the mold to create a hollow space in the melt 

J 5 by returning a portion of the melt from the mold back to the 

injection unit; 

(c) closing the injection unit to prevent melt from flovsong back into 
the mold; and 

(d) releasing the pressure of the introduced gas to allow foaming of 
20 the melt. 

These, and other features of the invention shall be described in greater detail 

below. 

Brief Description of the Drawings 
25 Figure 1 shows a molding apparatus suitable for use in the present 

invention, consisting of a mold 1, an injection molding machine 3 having a 
injection unit 2, a gas injection needle 4 and a pressurized gas source 5 for the 
gas injection needle 4. Thermoplastic meh is indicated as 6. 

Figure 2 depicts the apparatus of Figure 1 after pressurized gas is 
30 introduced into mold 1 to force a portion of the meh back into injection unit 2 to 
create hollow space 7. 

Figure 3 indicates a pressure release of the gas which allows 

foaming of the melt. 
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Figure 4 shows removal of the molded article after sufficient 

cooling. 

Detailed Description of the Invention 
5 As used herein, a "substantially smooth" outer surface of the 

foamed article of the present invention means an outer surface (skin) that is 
substantially free from pits, surface irregularities, roughness and other such 
surface defects, and which approximates the smoothness of a non-foamed article. 

The present invention can be practiced with molding devices and 
10 equipment that are currently commercially available. Such equipment includes a 
standard injection molding machine with a shut-ofF nozzle, and a gas injection 
unit (c.f aforementioned brochure from Schering). Gas is introduced into the 
mold using any suitable gas injection needle. 

A detailed description of a suitable embodiment for carrying out 
1 5 the process of the present invention shall now be given. 

As shown in Figure 1, a melt of a thermoplastic containing a 
foaming agent is injected into mold 1 through injection unit 2 located on molding 
machine 3. Injection unit 2 will contain a back flow valve which prevents flow of 
the melt back into the injection unit (more precisely, the barrel of the injection 
20 luiit) while there is pressure in the mold cavity. 

The mold is substantially entirely filled with the thermoplastic 
melt. The melt can thereby be kept under a holding pressure which prevents 
foaming and allows formation of a substantially smooth outer surface (skin). 

The mold will typically be held at a pressure ranging from 200 to 

25 1000 bar. 

As indicated in Figure 2, the holding pressure in mold 1 is then 
released, and a gas from source 5 is introduced through needle 4 into the mold to 
create a hollow space 7 in the meh which forces a portion of the thermoplastic 
melt out of the mold back into injection unit 2. The gas used is preferably 
30 nitrogen. 

The gas is preferably introduced into the mold at a pressure 
typically from 50 to 400 bar. 
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After a ponion of the melt is forced out of the mold back into the 
injection unit, an actuator causes a valve to close to prevent further melt from 
flowing back into the injection unit. The actuator may be any suitable device 
which senses flow of thermoplastic out of the mold and into the injection unit. A 
5 suitable such actuator is a screw, which, when displaced by the thermoplastic a 
set distance, causes the aforementioned valve to close. 

Preferably, from 10 to 70% by weight of thermoplastic that is 
originally injected into the mold is removed from the mold. 

As indicated in Figure 3, the pressure of the introduced gas is 
1 0 then released, thereby allowing foaming of the melt. As this occurs, the hollow 
space is filled with foamed melt, thereby yieldmg an injection molded article 
having a substantially smooth outer surface and a foamed core 8. 

Subsequently, as indicated in Figure 4, the molded article having a 
foamed core 8 and substantially smooth outer surface 9 is cooled sufficiently and 
15 removed from the mold. 

The process of the present invention may be carried out on many 
types of known thermoplastics, including block copolyether esters (e.g. 
HYTREL®, available from the DuPont Company), block copolyether amides, 
polyurethanes, copolyetherimide esters, polyolefins and polyolefin copolymers, 
20 styrene alloys and copolymers, polyvinyl chloride, polyesters, polyamides and 
polycarbonates. 

Suitable foaming agents are those known in the art, and include 
gases and chemical foaming agents such as sodium bicarbonate, 
diazodicarbonamide and sulfonyl hydrazides. 
25 The chemical foaming agent will typically comprise up to 5% by 

weight of the thermoplastic. 

Practical Exam ple - Injection M olding of an Automobile Door Handle 

A thermoplastic copolyether ester (HYTREL® 4056) containing 
30 2% by weight of a foaming agent (HYDROCEROL BIH 70 available from 
Boehringer Ingelheim KG) is molded in a door handle mold on an Engel 145t 
injection molding machine having an HC 500 screw type, and being equipped 
with an Engel gas injection unit and an Engel EC 88 control unit. 
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The melt is maintained at 1 80X and the injection unit is 
maintained at the following temperature profile: 

BARREL 
5 Nozzle Front Center Rear 

Temp TO 150 180 175 155 



The melt is injected at a rate of 50 mm/sec into the mold for a 
period of 1 .3 sec. and maintained at a holding pressure of 500 bar for 1 sec with 
1 0 a pad of 5.7 mm; subsequently the holding pressure is released. 

Nitrogen gas is then introduced into the mold at a pressure of 200 
bar and is maintained for 20 sec such that approximately 50% by weight of the 
melt is forced out of the mold and back into the injection unit. 

The pressure of the nitrogen gas is released to permit foaming for 
15 a period of 35 sec while at the same time the molded door handle so produced 
cools and can be ejected fi-om the mold cavity. 



wo 96/10476 PCT/US95/13121 



Claims: 

1 . A process for injection molding an article having a 
substantially smooth outer surface and a foamed core compris'mg the steps of 

(a) injecting a melt of a thermoplastic polymer containing a foaming 
5 agent through an injection unit into a mold and maintaining said 

melt under a holding pressure to form an article having a 
substantially smooth outer surface; 

(b) releasing the holding pressure of the melt and introducing a gas 
under pressure into the mold to create a hollow space in the mek 

10 by returning a portion of the meh from the mold to the injection 

unit; 

(c) closing the injection unit to prevent mek from flowing back into 
the mold; and 

(d) releasing the pressure of the introduced gas to allow foaming of 
15 the mek. 

2. A process according to claim 1 wherein from 10 to 70 % 
by weight of mek is returned to the injection unit in step (b). 

3. A process according to claim 1 wherein the gas is 
introduced into the mold at a pressure from 50 to 400 bar. 

20 4. A process according to claim 1 wherein the gas is 

nitrogen. 

5. A process according to claim 1 wherein the thermoplastic 
polymer is selected from the group consisting of block copolyether esters, block 
copolyether amides, polyurethanes, copolyetherimide esters, polyolefins and 

25 polyolefin copolymers, styrene alloys and copolymers, polyvinyl chloride, 
polyesters, polyamidcs and polycarbonates. 

6. A process according to claim 1 wherein the foaming agent 

is a gas or a chemical foaming agent. 

7. A process according to claim 6 wherein the mek contains 
30 up to 5% by weight chemical foaming agent. 
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